Context. Knowledge of the mass function in open clusters constitutes one way to critically examine the formation mechanisms proposed to explain the existence of low-mass stars and brown dwarfs. Aims. The aim of the project is to determine as accurately as possible the shape of the mass function across the stellar/substellar boundary in the young (5 Myr) and nearby (d = 145 pc) Upper Sco association. Methods. We have obtained multi-fibre intermediate-resolution (R∼1100) optical (∼5750-8800Å) spectroscopy of 94 photometric and proper motion selected low-mass star and brown dwarf candidates in Upper Sco with the AAOmega spectrograph on the AngloAustralian Telescope. Results. We have estimated the spectral types and measured the equivalent widths of youth (Hα) and gravity (Na I and K I) diagnostic features to confirm the spectroscopic membership of about 95% of the photometric and proper motion candidates extracted from 6.5 square degrees surveyed in Upper Sco by the UKIRT Infrared Deep Sky Survey (UKIDSS) Galactic Clusters Survey (GCS). We also detect lithium in the spectra with the highest signal-to-noise, consolidating our conclusions about their youth. Furthermore, we derive an estimate of the efficiency of the photometric and proper motion selections used in our earlier studies using spectroscopic data obtained for a large number of stars falling into the instrument's field-of-view. We have estimated the effective temperatures and masses for each new spectroscopic member using the latest evolutionary models available for low-mass stars and brown dwarfs. Combining the current optical spectroscopy presented here with near-infrared spectroscopy obtained for the faintest photometric candidates, we confirm the shape and slope of our earlier photometric mass function. The luminosity function drawn from the spectroscopic sample of 113 USco members peaks at around M6 and is flat at later spectral type. We may detect the presence of the M7/M8 gap in the luminosity function as a result of the dust properties in substellar atmospheres. The mass function may peak at 0.2 M ⊙ and is quite flat in the substellar regime. We observe a possible excess of cool low-mass brown dwarfs compared to IC 348 and the extrapolation of the field mass functions, supporting the original hypothesis that Upper Sco may possess an excess of brown dwarfs compared to other young regions. Conclusions. This result shows that the selection of photometric candidates based on five band photometry available from the UKIDSS GCS and complemented partially by proper motions can lead to a good representation of the spectroscopic mass function.
Introduction
Firm knowledge of the form of the Initial Mass Function i.e. the number of objects as a function of mass (IMF ; Salpeter 1955; Miller & Scalo 1979; Scalo 1986 ) is vital to understanding the formation of low-mass stars and brown dwarfs. To address fundamental issues like the universality of the IMF (or otherwise its dependence with environment, time and/or any other factor), masses and effective temperatures (T eff ) must be Send offprint requests to: N. Lodieu ⋆ Based on observations obtained with the AAOmega spectrograph at the Anglo-Australian Observatory ⋆⋆ Table B .1 and optical spectra are only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/ estimated as accurately as possible for all members in open clusters and star-forming regions. The advent of large optical Charge-Coupled Devices (CCDs) and infrared detectors has facilitated the study of numerous regions with different ages, densities, and histories. However, the samples of photometric candidates confirmed spectroscopically in those regions for an unbiased estimate of the IMF over a large mass range remains limited although these are growing rapidly. Complete spectroscopic mass functions over the full mass range probed by the associated photometric surveys have been presented in the central region of the Trapezium Cluster by Luhman et al. (2000) and Slesnick et al. (2004) and compared to photometric estimates (Hillenbrand & Carpenter 2000; Muench et al. 2002) . Similarly, the Taurus region and the IC 348 cluster have been targeted photometrically and spectroscopically down to the sub-stellar regime (Luhman 2000; Briceño et al. 2002; Luhman et al. 2003a,b) . More recently, Luhman (2007) updated the census of low-mass stars and brown dwarfs in Chamaeleon I star-forming region based on optical and near-infrared spectroscopy. The derived mass function in those regions would suggest a dependence on environment of the IMF since the peak in the luminosity function of Taurus is at higher masses than in the Trapezium Cluster and IC 348 (0.8 vs 0.1-0.2 M ⊙ ; Luhman 2004b).
The Upper Sco association (hereafter USco) is part of the Scorpius Centaurus OB association: it is located at 145 pc from the Sun (de Bruijne et al. 1997 ) and its age is estimated to be 5±2 Myr from isochrone fitting and dynamical studies (Preibisch & Zinnecker 2002) . The association was targeted in X-rays (Walter et al. 1994; Kunkel 1999; Preibisch et al. 1998) , with Hipparcos (de Bruijne et al. 1997; de Zeeuw et al. 1999) , and more recently at optical (Preibisch et al. 2001; Preibisch & Zinnecker 2002; Ardila et al. 2000; Martín et al. 2004; Slesnick et al. 2006 ) and near-infrared (Lodieu et al. 2006 (Lodieu et al. , 2007b wavelengths. As a result of the latest surveys, several tens of brown dwarfs were confirmed spectroscopically as members of the association (Martín et al. 2004; Slesnick et al. 2006; Lodieu et al. 2006; Slesnick et al. 2008; Lodieu et al. 2008; Martin et al. 2010) , resulting in a total of 92 substellar members divided into 76 M6-M9, and 16 L0-L2 dwarfs. Slesnick et al. (2008) presented the first spectroscopic mass function in USco over the full area of the association down to M=0.02 M ⊙ .
In this paper we present follow-up multi-fibre optical spectroscopy of low-mass star and brown dwarf candidates extracted from 6.5 square degrees targeted by the UKIRT Infrared Deep Sky Survey (UKIDSS; Lawrence et al. 2007 ) Galactic Clusters Survey (GCS) and published in Lodieu et al. (2007b) . In Sect. 2 we define the various samples of targets included in our spectroscopic follow-up. In Sect. 3, we describe the spectroscopic observations made with the AAOmega instrument installed on the 3.9-m Australian Astronomical telescope (AAT) and the data reduction. In Sect. 4 we assess the membership of the photometric candidates based on their spectral type, their chromospheric activity, and the strength of gravity-sensitive features. A similar analysis is presented for a sample of photometric nonmembers to estimate the reliability of our original photometric and proper motion selections in Sect. 5. In Sect. 6 we derive effective temperatures, bolometric luminosities, and masses for all USco members and compare the spectroscopic luminosity and mass functions in the low-mass and brown dwarf regimes to previous studies in USco and other regions.
The samples
Our sample consists of three groups of objects: firstly photometric USco candidates selected from the UKIDSS GCS Science Verification (Lodieu et al. 2007b ); secondly, a few known spectroscopic members falling in the instrument field-of-view and published in the literature (Martín et al. 2004; Slesnick et al. 2006) , and, finally a sample of photometric non-members.
The first sample consists of USco photometric candidates selected from Lodieu et al. (2007b) . Out of the original 129 candidates, 114 are brighter than Z = 17.5 mag, corresponding to masses in the range 0.6-0.03 M ⊙ at the age and distance of USco. We were able to obtain spectra for 94 candidates out of 114, implying a spectroscopic completeness of 82%. Table  A .5 lists the main properties of all 90 candidates targeted with AAT/AAOmega and subsequently confirmed as spectroscopic members, including coordinates, J-band magnitudes 1 , equivalent widths for the Hα line and the Na I and K I doublets, spectral indices, spectral types, effective temperatures, luminosities, and masses. For the Na I and K I doublets we give the equivalent width of the doublet and not of each line that constitutes the doublet although they are resolved at the resolution of our spectra. For completeness, we have added to Table A.5 the 19 sources confirmed as spectroscopic members in the near-infrared with Gemini/GNIRS (Lodieu et al. 2008 ) and identified photometrically by Lodieu et al. (2007b) 2 . We should mention that five photometric candidates included in the AAOmega survey are common to our earlier near-infrared spectroscopic follow-up (Lodieu et al. 2008) .
The second sample consists of five known spectroscopic members with spectral types estimated from optical data with an accuracy of half a subclass: DENIS1610−2212 (Martín et al. 2004) , SCH1611−2217, SCH1612−2349, SCH1612−2338, and SCH1613−2305 (Slesnick et al. 2006) . These five objects fell in the AAOmega field-of-view and serve as spectral templates for assigning spectral types to our candidates. Table 1 provides the full coordinates, J-band photometry, equivalent width measurements (in Å) of the Hα emission line and the gravity sensitive doublets (Na I and K I), as well as spectral types and names as quoted in the literature. The previously known members are not plotted in Fig. 1 because no Z-band magnitudes are available for them as they lie outside the UKIDSS GCS field-of-view (see Fig.  4 in Lodieu et al. 2007b ).
The third sample contains 624 sources we originally rejected as members of USco based on their location in various colourmagnitude diagrams (Fig. 5 of Lodieu et al. 2007b) . Two subsamples were selected to match the magnitude range of the USco photometric candidates. First, a bright sample which consists of 269 sources with Z = 12-14.5 mag and Z − J colours redder than 0.7 mag (only 4 have Z − J <0.7 mag; Fig. 1 ). Second, a faint sample is made of 355 objects with Z = 14.5-17.5 mag and selected to the right of a straight line going from (Z − J,Z) = (0.8,14.5) to (1.2,17.5). These objects are shown as crosses in Fig. 1. 
Spectroscopic follow-up of USco candidates

Spectroscopic observations
We have obtained low-resolution multi-fibre optical spectroscopy of 94 photometric and proper motion selected low-mass star and brown dwarf candidates in USco as well as a sample of photometric non members (Sect. 2) with the AAT/AAOmega spectrograph (Lewis et al. 2002; Sharp et al. 2006) 3 . AAOmega has a two degree field-of-view which is sampled by 400 fibres that feed a two-armed spectrograph. The projected diameter on the sky of each fibre is 2 arcsec and their minimum separation is 30 arcsec (Miszalski et al. 2006) . On the red arm we have employed the 385R grating to cover the wavelength range 5700-8800 Å (the exact coverage depends slightly on the position of the fibre on the spectrograph slit) at a resolution of R∼1350.
1 the full ZY JHK photometry is published in Lodieu et al. (2007b) 2 23 candidates were presented in Lodieu et al. (2008) : 20 are from Lodieu et al. (2007b) and three from Lodieu et al. (2006) . Two were classified as non members among the 20 candidates from Lodieu et al. (2007b) but one is now reclassified as a member after optical spectroscopy (see Sect. 4.5) 3 More details on the AAOmega spectrograph can be found at the URL: http://www.aao.gov.au/AAO/astro/2df.html Table 1 . Known spectroscopic members in the AAOmega field used as templates. References: (1) Martín et al. (2004) Lodieu et al. (2007b) and reclassified as spectroscopic members here (blue open triangles). Open red triangles represent a sample of stars in the AAOmega field classified as photometric non members but with proper motions and equivalent width measurements consistent with young objects. Open green diamonds represent the four photometric candidates rejected as spectroscopic members after our AAOmega followup.
Spectra covering the wavelength range 3740-5720 Å, also at a resolution of R∼1350, were simultaneously obtained on the blue arm where we employed the 580V grating.
The observations were conducted during the nights 22-24 May 2007 by one of us (PDD). Seeing and transparency were decidedly variable throughout this period. The first night was dogged by substantial amounts of cloud and poor seeing (2.5-3.0 arcsec). The next night was largely clear but seeing was again poor (2.5-3.0 arcsec). On the final night the sky was clear and the seeing was substantially better (0.8-1.5 arcsec). As this project was awarded an allocation of bright time, the moon was above the horizon for much of this period.
The observations were made with four fibre configurations at two positions on the sky: the first field was centered approximately at (RA,dec) ∼ (16 h 10 m ,−23 • ) whereas the second was positioned at (RA,dec) ∼ (16 h 14 m ,−23
• 10 ′ ). Each field had a set-up for a sample of bright (Z = 11.5-14.5 mag) and faint (Z = 14.5-17.5 mag) targets. Each field included science targets i.e. USco photometric candidates, USco known members confirmed spectroscopically by earlier studies, a sample of photometric non-members (or stars in the AAOmega field) picked-up randomly in the (Z − J,Z) colour-magnitude diagram as well as "sky" fibres (typically 50 per field). The UKIDSS images were checked to confirm that no sources was detected at the sky positions down to the detection limit of the GCS (J ∼ 19.6 mag).
Single on-source integrations were set to 900 sec and 1800 sec for the bright and faint samples, respectively. Total on-source integrations typically range from 75 min to 345 min for the bright sample and from 270 min to 720 min for the faint sample. The total exposure time varies from target to target as ∼20 objects have only one spectrum and the others have two or more spectra (up to four). The data were reduced in the standard manner using the 2DFDR package provided by the Australian Astronomical Observatory. We have separated the various files (bias, flats, and objects) into directories and performed an automated extraction of the one-dimensional spectra. More details on the workings of the 2DFDR package are discussed in Reid & Parker (2010) . We have measured the pseudo equivalent widths of the Hα emission line and the gravity-sensitive features in each spectrum to look for variability. In summary, we present the combined spectra for 94 USco photometric and proper motion candidates, five previously known members, 624 photometric non-members, and allocated 225 fibres to a sky position.
Spectral variability
We observed some level of variability between spectra of the same source. Thirteen objects out 94 candidates identified in the GCS show one or two discrepant spectra. Similarly, we detect variability in SCH162−2338 among the five previously known members. These variations may be caused by several effects: inhomogeneity in the fibre response, chromatic variation in optical distortion, or intrinsic variability in the atmospheric properties of low-mass stars and brown dwarfs. We have obtained a total of 233 spectra for the 94+5=99 sources and found that 13+1=14 objects are affected by this spectral variability, implying a rate below 15%. Notably, most of the spectra affected show a significant level of fringing beyond 7500 Å. The final spectral classification should not be affected by more than half a subclass because each object has generally two identical spectra and one or two discrepant. The discrepant datasets have been removed for the subsequent analysis. 
Membership assessment
Spectral types
Among our targets, we have included five previously known spectroscopically confirmed members with spectral types ranging from M5.5 to M7.5 (Table 1 ; Martín et al. 2004; Slesnick et al. 2006 ). These sources represent our "primary" templates as they were observed with the same instrumental set-up as our photometric candidates. The direct comparison of the spectra of these five members suggests that SCH1611−2217, SCH1612−2338, and SCH1613−2305 have similar spectral types and are cooler than DENIS1610−2212 and SCH1612−2349 whose spectra look very much alike (Table 1) .
In order to check their spectral types using the AAOmega spectra and to put our classification on an absolute scale, we have compared these five sources to young low-mass stars and brown dwarfs identified in the Chamaeleon I (M3-M9; Luhman 2004a Luhman , 2007 , η Chamaeleon (M3-M5.75; Luhman & Steeghs 2004) and Taurus (M5.25-M9.5; Briceño et al. 1998; Luhman et al. 2003a ) star-forming regions, and the Oph1622−2405 binary (M7.25 & M8. 75 Luhman et al. 2007 ). The grid of spectral types available is fairly complete from M3 to M9.5 with a template every 0.25 subclass as follows: M3, M3.25, M4, M4.5, M4.75, M5, M5.25, M5.5, M5.75, M6, M6.25, M6.5, M7.25, M7.5, M8.25, M8.5, M8.75, and M9.5 4 . We have revised the spectral types of the five USco members as indicated in Table 1 by comparing them directly to the templates aforementioned. Uncertainties on the spectral types are typically given by the spacing of the grid i.e. 0.25-0.5 subclass in most cases. The new spectral types match the previous estimates for known USco members within the uncertainties quoted by the earlier studies, except for SCH1611−2217 for which we derived M6.5 instead of M7.5 (Slesnick et al. 2006) . We favoured this direct comparison over the determination of spectral types using spectral indices defined in the literature for field stars (e.g. the PC3 index; Martín et al. 1996 ) because they may not be reliable for young low-mass stars and brown dwarfs.
Among our sample of 94 GCS candidates, we found two objects of spectral types earlier than M, arguing that they are spectroscopic non members, UGCS J161315.65−232744.2 and UGCS J161209.48−223957.1 (Table 2 ). To assign spectral types to the remaining 92 candidates, we compared their combined spectra to our spectral templates: SCH1612−2305 (M6.5; Slesnick et al. 2006 ) and DENIS1610−2212 (M5.5; Martín et al. 2004) . Then, we have compared the optical spectra to each other to create groups following a spectral type sequence. We have assigned a spectral type per group using young templates in Chamaeleon, Taurus, and Ophiuchus. We have found two sources with M2 spectral type which appear too faint for their spectral types. For this reason we consider them as non members in the rest of the paper. The spectral types span the M3.25-M8.5 range and are listed in Table A.5.
Columns 1 and 2 of Table A .5 provides the coordinates (J2000) and J-band magnitudes of 90 new spectroscopic candidate members of the USco association. Columns 3-6, 7-10, and 11-14 give the measurements (up to four) of the pseudoequivalent widths (in Å) of the Hα line as well as the Na I and K I doublets, respectively, discussed in the following sections. We emphasise here that membership of the USco association is assigned based on the various criteria available to us: photometry, proper motion, Hα emission, gravity-sensitive features, lithium and magnesium lines when "available". The presence of contaminants cannot be completely ruled out but their level should be extremely low when using a combination of all these criteria. A long dash line indicates that either no spectrum is available or the signal-to-noise ratio is too low to publish a reliable mea- (2000) and Martín et al. (2004) and open squares are from Slesnick et al. (2006) . surement. Columns 15-18 list spectral indices; Columns 19+20 provide spectral types derived from the spectral indices and estimated from the spectral templates, respectively. Spectral types are accurate to 0.25 class for those earlier than M7.5 and half a subclass for later objects. Columns 21-23 provide the estimated effective temperatures (in K), luminosities (log(L bol /L ⊙ )), and masses (in M ⊙ ).
Chromospheric activity
In this section, we measure the equivalent widths of the Hα line at 6563 Å for the 90 candidates whose optical spectra substantiate our claims about their membership of the USco association. The detection of strong Hα in emission in the optical spectral of young low-mass stars and brown dwarfs is generally assumed to indicate youth. We used the SPLOT task under IRAF 5 to measure pseudo-equivalent widths to an accuracy of 1 Å or better (depending on the strength of the line). M dwarfs are long-lived and remain active for a long time. A large fraction of M3-M9 field dwarfs are active, on average 40% but with a range from 20% for M3 up to ∼100% for the latest M dwarfs (West et al. 2008) . However, only ∼15% of old field M dwarfs exhibit strong Hα emission with equivalent widths less than −5 Å.
We detect Hα in emission in the optical spectra of the USco candidate members (Fig. 3 ), except one source for which Hα is in absorption despite its late spectral type, UGCS 5 IRAF is distributed by National Optical Astronomy Observatory, which is operated by the Association of Universities for Research in Astronomy, Inc., under contract with the National Science Foundation. J161340.79−221946.1 (M7.5). Absorption lines occur for stars in standard evolutionary states such main-sequence or postmain sequence but are unlikely in the pre-main sequence stage. However, due to the large amount of fringing and the low signal-to-noise of this particular spectrum, we prefer to keep it as a possible candidate. We also observe different levels of variability in our equivalent width measurements reported in Table A .5. As an example, we have three sources, UGCS J161216.09−234425.0, UGCS J161126.30−234006.1, and UGCS J161047.13−223949.4, where we detect Hα in emission in only two of the four spectra. In particular, the latter shows strong Hα emission with equivalent widths of ∼−55 and ∼−30 Å while no emission is detected in the other two spectra. Nonetheless, we keep these sources as members because their spectra are otherwise consistent with young low-mass stars. These measurements show that variability is common among young low-mass stars and brown dwarfs and that the absence of Hα alone is not sufficient to rule out youth as a characteristic of low-mass stellar and substellar objects (Martin et al. 2010) .
The Hα emission can be due to, on the one hand, chromospheric activity, and, on the other hand, to accretion or strong winds. The latter is usually inferred from the strong levels of Hα emission. To quantify this statement, Barrado y Navascués & Martín (2003) have defined an empirical boundary between non-accreting and accreting M-type stars and brown dwarfs. We have identified 11 new accreting candidates that lie significantly above this empirical boundary (dotted line in Fig. 3 ). One source, UGCS J160648.18−223040.1, lies outside the limits of the plot displayed in Fig. 3 because of its extremely strong Hα emission. In the first spectrum, we have measured an equivalent width (EW) of −1780 Å whereas the emission is weaker (EW = −730 Å) in the second spectrum although as strong as the strongest Hα emission detected in a member of the young σOrionis cluster (SOri 71; EW = −705 Å Barrado y Navascués et al. 2002) . We have identified another object, UGCS J160723.82−221102.0 which also exhibits strong Hα emission with equivalent width measurements of −671.0 and −431.5 Å, comparable to SOri 71. Moreover, we have measured Hα equivalent widths of order −155 to −135Å for USco J161354.34−232034.4.
Surface gravity
To further assess the membership of our USco photometric candidates, we have measured the pseudo-equivalent widths of the gravity-sensitive Na I (8183/8195 Å) and K I (7665/7699 Å) doublets in each individual spectrum (Table A.5).
The left-hand side panel of Fig. 4 shows the behaviour of the equivalent widths of the Na I doublet as a function of spectral type. Its equivalent width appears constant as a function of spectral type with a mean value of 3.5-4 Å and a dispersion of 1 Å. The upper envelope for Upper Sco candidate members is around 5.5 Å as seen to Figure 4 in Martín et al. (2004) , consistent with the trend of our measurements (we find an upper limit of 5 Å).
The trends in open clusters like the Pleiades (Martín et al. 1996) and Alpha Per (Lodieu et al. 2005a) indicate mean values of 5±2 Å for the equivalent widths of the Na I doublet in the M4-M8 spectral type range whereas old field dwarfs have equivalent widths typically larger than 6 Å (Martín et al. 1996) . Therefore, our measurements are consistent with general trends and consolidate our conclusion that our USco photometric candidates are young objects. for all the photometric candidates confirmed as spectroscopic members. Typical error bars on the equivalent width measurements are marked. Some of the latest type members lack measurements for the KI doublet because of the nearby strong oxygen telluric band. The candidates for accretion i.e. which exhibit Hα equivalent widths larger than the empirical boundary defined by Barrado y Navascués & Martín (2003) are highlighted with red squares. The stars lying in the AAOmega field have been added as crosses and shifted in spectral types by +0.12 for clarity.
The right-hand side panel of Fig. 4 shows the behaviour of the K I doublet as a function of spectral type for the new USco candidate members. The equivalent widths of the doublet exhibits an increase as a function of spectral type and values in the 2-6 Å range.
On both panels of Fig. 4 , we have overplotted the equivalent width measurements of 180 stars lying in the AAOmega fieldof-view and classified as M dwarfs without Hα in emission (red crosses). The mean values of the equivalent widths of the Na I and K I doublets for these field M dwarfs is clearly higher than the average of the new USco candidate members for each spectral type. One hundred and twenty seven (∼70%) stars in the AAOmega field have Na I doublet equivalent widths larger than 4 Å, pointing towards an older age on average at a given spectral type than for our USco candidate members. The difference is even more marked for the K I doublet.
We have also computed the temperature (TiO-λ7140 and TiO-λ8465) and gravity (Na-8189) sensitive indices designed by Slesnick et al. (2006) for the new USco candidates (filled circles) and previously known members (open squares in Fig. 5 ). Figure  5 shows the same plots with the same (x,y) scales as in Figure  2 of Slesnick et al. (2006) and Figures 10-11 of Slesnick et al. (2008) for direct comparison between their samples and ours. Note that the six faintest sources of our sample of candidate members are not included in Fig. 5 because of strong fringing beyond 8000 Å affecting the computation of the TiO-λ8465 and Na-8189 indices. Our values of the three indices agree within 10% with their values published in their Table 1 . The trend in the left-hand side plot of Fig. 5 confirms the range in spectral types (M3.25-M8) derived from direct comparison with young templates. A few objects lie below the sequence, a position attributed to the occurence of veiling by Slesnick et al. (2006) . Similarly, the mean values of the Na-8189 for our sample is around 0.9 with a dispersion of 0.3, consistent with the range of values (∼0.86-0.96) reported by Slesnick et al. (2006) and Slesnick et al. (2008) .
The positions of the stars in the AAOmega field-of-view in the left-hand side diagram of Fig. 5 follow the general trend of the USco candidates mainly because this diagram is independent of the age (i.e. gravity). However, the locations of these objects in the right-hand side diagram differ from the positions of the USco candidates and appear intermediate between field dwarfs and pre-main-sequence stars (blue and green crosses in Figure 2 of Slesnick et al. (2008) , respectively). This trend points towards an intermediate age for the stars in the AAOmega field and corroborates the conclusions drawn from the equivalent widths of the Na I doublet. Their position in the (Z−J,Z) colour-magnitude diagram displayed in Fig. 1 indicates that these objects are, on average, fainter than the USco members for the same spectral type, suggesting that they are located beyond the USco association.
Other features: lithium and magnesium
Although searching for the presence or absence of the lithium absorption line at 6707.8 Å was not originally an aim of this project, we are able to detect that line thanks to a combination of the moderate resolution (R∼1100) and the high quality of the spectra obtained for the brightest sources (J ≤13 mag and Z ≤14.5 mag). The strength of the equivalent width varies from object to object and is of the order of 0.2-0.5 Å. The lithium is detected in absorption in almost all photometric candidates confirmed spectroscopically on the basis of the presence of Hα and weak gravity features (top panel in Fig. 6 ), again adding In the blue part of the spectra, we detect the presence of the Mg b triplet around 5200 Å with an excellent signal-to-noise for the brightest USco members (bottom panel in Fig. 6 ). The full spectral range provided by the blue grating (3740-5720 Å) at a resolution of R∼1350 could be used to study the accretion rates in a large sample of young low-mass stars and brown dwarfs at 5 Myr (e.g. Herczeg et al. 2009 ) but such a study is beyond the scope of this paper.
Level of contamination
Among the 94 photometric and proper motion candidates followed-up spectroscopically with AAOmega, we have confirmed the membership of 90 translating into a success rate of the original selection of ∼96%. Two contaminants listed in Table  2 appear to be background stars and the other two field early-M dwarfs. This result demonstrates the performance of the photometric and astrometric selections described in Lodieu et al. (2006) and Lodieu et al. (2007b) .
We note that four objects were previously confirmed through their near-infrared cross-dispersed spectra (Lodieu et al. 2008) . The spectral types of USco J160830.49−233511.0 (M8.5 in the optical vs M9 in the near-infrared), USco J160648.18−223040.1 (M8.5 vs M8), and USco J161047.13−223949.4 (M8.5 vs M9) agree within a subclass. The optical and near-infrared spectral types of USco J160723.82−221102.0 differ by several subclasses (M7.5 vs L1) as noted by Herczeg et al. (2009) who independently classified it as a M8.5 dwarf. Another object, USco J161421.44−233914.8, rejected by our near-infrared spectroscopic follow-up, is now reclassified as a member with a M7 spectral type according to the AAOmega spectrum. We have checked the input coordinates and positions in both runs and cannot find out the reason for this discrepancy. Unfortunately, we could not reach fainter candidates to confirm our near-infrared classification with optical spectroscopy. The former has been criticised by Herczeg et al. (2009) on the basis of only two sources where the classifications are discrepant. We should point out that younger M dwarfs are hotter than their field counterparts, implying that the vanadium oxide (VO) band should re-8 N. Lodieu et al.: Multi-fibre optical spectroscopy of low-mass stars and brown dwarfs in Upper Sco main at later spectral types for younger ages and thus lead an earlier spectral classification (Martín et al. 1996) .
For the faintest USco candidates with estimated masses below 0.03 M ⊙ according to theoretical models, our earlier study showed that 19 out of 20 photometric candidates are indeed spectroscopic members (Lodieu et al. 2008) . Their near-infrared cross-dispersed spectra confirm them as ultracool dwarfs with features characteristics of young objects and effective temperatures in the 2700-1800 K range. Therefore, the level of contamination in the 0.03-0.006 M ⊙ mass range is of the order of 5% after reclassifying USco J161421.44−233914.8. Over the full magnitude and mass ranges probed in USco by the GCS, our success rate is ∼95%.
Probing the efficiency of the original selection
In addition to the USco members discussed in Sect. 4.1, we assigned 624 fibres to sources located to the blue side of the lines used for our photometric selection objects referred as to "stars in the AAOmega field"). Among these extra sources, we have identified a large number of stars (Sect. 5.1), proper motion non members, as well as three accreting sources (Sect. 5.4). We have used this large sample to estimate the efficiency of the original photometric (Sect. 5.3) and proper motion (Sect. 5.2) selections described in Lodieu et al. (2007b) based on multiple criteria, including the magnitudes, spectral types, strengths of the equivalent width of activity and gravity features.
The sample of stars in the AAOmega field
We have assigned fibres to over 600 stars or point sources not selected by our photometric study as members of the USco association (crosses in Fig. 1 ; Lodieu et al. 2007b ). We provide the coordinates, photometry, astrometry and tentative spectral types for all stars in the AAOmega field (Table B .1) as well as the optical spectra to the community 6 as they may be useful to future surveys of the region or to other type of scientific exploitation. The large majority of these objects do not belong to the Upper Sco association, except the ones discussed in the following sections and listed in Table C.1.
We have assigned rough spectral types accurate to a few spectral classes using a combination of criteria including direct comparison with low-resolution spectra downloaded from the European Southern Observatory database 7 and expected strengths of major lines and absorption bands (e.g. NaD, TiO, CaH, Ca I, Na I) as a function of the luminosity class and spectral types (Table 5 of Kirkpatrick et al. (1991) and spectra in Turnshek et al. (1985) ).
The full sample of spectra can be divided up into several groups for which we have chosen one template because of the high quality of its spectrum. The majority of objects enters in the class of M dwarfs with spectral types later than M2 (right panel of Fig. B.2) . We have also identified a large number of late-K/early-M dwarfs (K7-M1) with different levels of reddening and late-G giants (left-hand side of Fig. B.2) . Finally, we have classified three sources as young active flare M dwarfs (details in Sect. 5.4), two white dwarfs, 18 objects that we were unable to classify due to problems with the fibre response or low signal-to- 6 Tables & AAOmega optical spectra taken with the blue (3740-5720 Å) and red (5600-8800 Å) gratings are available at www.iac.es/galeria/nlodieu/publications/ 7 www.eso.org/instruments/isaac/tools/lib/index.html noise, and 11 sources have no signal. Tables, plots and selected templates are detailed in Appendix B.
Contamination in the proper motion selection
In Lodieu et al. (2007b) , we used a 2σ clip to reject proper motion non members, implying that our selection should have included ∼95% of members but missed ∼5% of true members (assuming normally distributed errors). In this section, we aim to address the question related to the level of contamination present in our original cut in the proper motion selection: do we find that 5% of the proper motion non members listed in Table C1 of Lodieu et al. (2007b) are actually members?
In Lodieu et al. (2007b) , we discarded 23 photometric candidates as proper motion non members 8 . Ten of these 23 proper motion non members were included in our spectroscopic followup having been assigned a fibre (Table C.1). We have looked at their spectral types, Hα and Na I equivalent widths, and the presence of lithium to investigate their membership. Among these 10 sources, only one is rejected as a member based on its high Na I equivalent width. The remaining nine objects show Hα in emission and weak gravity-sensitive features, and have spectral types between M4 and M6, consistent with young objects. Among those nine sources, six have a clear lithium detection while the other three may exhibit lithium in absorption but the detection is only tentative.
The results, detailed above, are summarised in Table C.1. Column 1 of Table C.1 gives the name of the object. Column 2 provides the Z-band magnitude; Columns 3 & 4 the proper motion (mas/yr) in right ascension and declination, respectively; Column 5 the spectral types; Columns 6 & 7 Hα and Na I equivalent widths (EWs in Å), both individual measurements and the sum; Column 8 the presence of lithium (Y≡Yes); Column 9 a note on the proper motion, Column 10 the final decision on the membership, and the last column the proper motions from UCAC3 (Zacharias et al. 2010) .
We have checked the UCAC3 catalogue for the other 13 sources classified as proper motion non members in Table C1 of Lodieu et al. (2007b) . Seven objects brighter than Z ≤ 13 mag have a UCAC3 counterpart and astrometry accurate to a few mas/yr (Zacharias et al. 2010 ). The quality of the astrometry provided by UCAC3 supersedes our previous proper motion measurements and is useful to constrain membership in USco (Bouy & Martín 2009 ). Three are clearly proper motion non members: USco J160937.85−212319.0, and the (possible) wide binary composed of USco J161002.67−234439.5 and USco J161002.86−234440.9. Another object, USco J161626.20−235048.8, is possibly not a member. The other three bright objects are proper motion members but lack optical spectra because they were not assigned a fibre during our spectroscopic follow-up. The remaining six (out of 13) are not in the UCAC3 online catalog mainly because they are too faint.
We have made a comparison between the proper motions in right ascension (pmRA) and declination (pmDEC) from UCAC3 and the ones derived from the 2MASS/GCS crossmatch (Lodieu et al. 2007b ). This sample of stars with J = 10.75-13 mag contains 2815 sources. The agreement between both measurements is usually good with Gaussian equivalent root-mean-squares of 8.04 and 7.95 mas/yr in right ascension and declination, respectively. For the 43 USco candidates with UCAC3 measurements, we find median absolute deviations of 11.1 and 6.53 mas/yr in right ascension and declination, respectively. These error bars estimated from both datasets appear very similar in size.
To summarise, we find that our 2σ clip in the proper motion mis-classified 12 members (out of 17) as proper motion non members (and possibly up to 18 out of 23). In Lodieu et al. (2007b) we rejected 23 out of 139 photometric candidates as proper motion non members because they lay beyond the 2σ cut off. For normally distributed errors, we would expect 5% of 139 = 7 photometric members to be outside 2σ just by chance. Here we find that between 12 and 18 objects are actually members i.e. a factor of two larger than the nomical 5%. Only one object, USco J161412.41−221913.3, does lie outside the 3σ circle centered on the cluster mean proper motion (Table C .1), suggesting that our original selection was pragmatic and threw away some bona-fide members. Future astrometric selection should rather employ 3σ clips to optimize the selection of members. The uncertainties in the proper motion measurements from the 2MASS/GCS cross-match was typically 10 mas/yr down to J = 15.5 mag. We hope to improve the reliability of the astrometry by combining the UKIDSS GCS with the second epoch planned within the framework of the VISTA public surveys (Emerson 2001) 9 .
Completeness of the selection
In this section, we discuss the completeness of the original photometric selection designed to identify members in the USco association (Lodieu et al. 2007b ). To test this original photometric selection, we have computed lower and upper limits for the completeness by comparing the number of photometric candidates followed-up spectroscopically to the 129 photometric candidates identified in the GCS after pure photometric selection (Lodieu et al. 2007b) . A total of 94 sources have optical spectra and four are non members while 20 were observed in the near-infrared (one is classified as a non member). The remaining sources currently lack spectroscopic followup. Therefore, the lower limit for the efficiency of our selection is ∼81% (=(90+19−5)/129) and the upper limit is ∼96% (=(90+19−5)/(94+20−5)). Secondly, we have investigated the completeness of the photometric selection by examinining the characteristics of stars lying within the AAOmega field-of-view to which a fibre was assigned. After keeping only stars whose proper motion is within 3σ from the mean proper motion of the cluster ((−11, −25) mas/yr; de Bruijne et al. 1997; Preibisch et al. 1998) , we are left with 331 candidates. As a second step we have removed giants and late-K/early-M dwarfs as well as M dwarfs which do not exhibit Hα in emission, leaving a total of 107 candidates. Then, we have kept only sources with a Na I doublet equivalent width less than 5 Å, leaving 58 candidates. We note that 10 (9 are members but 8 satisfied the above criteria in the original selection) of these 58 sources lie to the red of the photometric selection and correspond to the proper motion candidates in Table C.1. To summarise, the completeness of our photometric selection is better than 129/(129+58) ∼ 69%, with an upper limit of 129/(129+8) ∼ 94%. These numbers are consistent with the values derived from our optical and near-infrared spectroscopic follow-up as described in the first paragraph of this section. Table D .1 gives the coordinates (J2000), ZY JHK photometry, proper motions (mas/yr), equivalent widths of the Hα and Na I lines (in Å), and spectral types for the 50 (58−8) candidates 9 More details on VISTA at www.vista.ac.uk with proper motion within 3σ from the cluster mean motion and with equivalent widths measurements of Hα and the Na I doublet consistent with membership. These objects are plotted as red open triangles in the (Z − J,Z) colour-magnitude diagram (Fig.  1) .
Among the 58 sources left after the selection based on proper motions and the equivalent widths of the Hα line and the Na I doublet, 11 exhibit lithium in absorption and 39 show noticeable N II emission at 6583 Å. Of the 39 with N II emission, four exhibit strong S II emission lines at 6716 Å and 6731 Å, indicative of a high excitation TTauri-like phase. In the full sample of stars in the AAOmega field-of-view, 87 sources show N II in emission and 16 out of 87 exhibit strong S II emission lines. They may belong to the nearby Upper Centaurus Lupus association as the difference in the age (13-16 Myr vs 5 Myr) and the distance (145 pc vs 160 pc) would result in members of Upper Centaurus Lupus being one magnitude fainter than their USco counterparts according to theoretical models (Baraffe et al. 1998 ). They could also have escaped from the nearby ρ Oph star-forming region (≤ 1 Myr; 140 pc) where the occurence of disks is expected to be higher than in Upper Sco (Haisch et al. 2001 ).
Three young accreting sources
Among stars in the AAOmega field followed-up spectroscopically, we have detected three accreting sources with strong emission lines. These sources, UGCS J161450.31−233240.0 (M4.5; Fig. B.2) , UGCS J161503.64−235417.7 (M4), and UGCS J160729.59−230822.4 (M3), exhibit strong emission lines of Hα and He I with pseudo equivalent widths of (−108,−3.0), (−187,−2.2), and (−150,−3.0) Å, respectively. We also clearly detect the sodium doublet at 5875/5890 Å, the calcium triplet at 8498/8542/8662Å, and OI forbidden emission lines at ∼6300 and 6363, and 8446 Å in all three sources. The Ca triplet is weaker in UGCS J161503.64−235417.7 than in the other two objects while the OI emission is comparable with pseudo equivalent widths between 3.6 and 5.3 Å. The proper motions of these three sources are given in Table B .1: only UGCS J161503.64−235417.7 has a proper motion inconsistent with the USco mean proper motion. We have added to Table D.1 the two accreting sources with proper motions consistent with USco for consistency but we do not consider them as members in the rest of the paper because they were originally classified as photometric non members.
The presence of a disk and strong emission lines indicates a young age and a high excitation phase like in TTauri stars. The OI forbidden lines are indicative of outflows. These objects, however, did not fall in our initial photometric selection because of their colours. Indeed, young disk-bearing sources tends to exhibit unusual colours and magnitudes leading to their rejection as photometric candidates (e.g. Luhman et al. 2008; Lodieu et al. 2009; Mayne & Harries 2010) . A mid-infrared spectroscopic study of these two objects would shed light on the amount of dust re-processing (e.g. Riaz et al. 2009 ) and lead to better constraints on the age of these sources in order to find out whether they are members of USco or of a younger population. Additional study of the sources listed Table D.1 should be undertaken to find out if a pure photometric search is indeed biased towards sources with low accretion rates (Mayne & Harries 2010) .
The spectroscopic mass function
In this section, we consider all photometric candidates confirmed spectroscopically as members of USco. The original photometric sample contains 129 sources (Lodieu et al. 2007b) . After the optical spectroscopic follow-up conducted with AAOmega (90 members; this study) and the near-infrared cross-dispersed spectroscopy obtained for the faintest candidates (19 members; 5 in common with optical follow-up Lodieu et al. 2008) , we have a final spectroscopic sample of 104 members. We should add to this sample the nine members originally rejected on astrometric grounds (Table C. 1), yielding a total of 113 members in 6.5 square degrees near the centre of the USco association.
Spectroscopy is missing for 20 photometric candidates. We have looked at the histograms of the number of sources with and without spectroscopy as a function of magnitude, dividing up each sample into bins of 0.5 mag. The numbers of candidates without spectroscopy is of the order or below the square root of the number of objects with optical spectra in each magnitude bin. Therefore, we do not expect any artificial gap or peak in a statistical point-of-view due to the incomplete spectroscopic followup. However, this effect of incompleteness is hard to quantify until spectroscopy is obtained for all photometric candidates. Furthermore, most of the photometric candidates without spectroscopy are brighter than J = 14 mag, corresponding to spectral types of M6.5 or earlier i.e. where the bulk of spectroscopic members is located. Thus, the influence on the peak of the luminosity function should be minimal.
Effective temperatures
The spectral types of these members from the spectroscopic sample range from M3.25 to L2. The uncertainty is typically 0.25 subclass for spectral types earlier than M7.5 and 0.5 subclass for later types.
To estimate the temperature associated with each spectral type, we have used the temperature scale defined by Luhman (1999) for young objects with spectral types between M3 and M9 (Table 3 ). This scale uses temperatures intermediate between field dwarfs and giants and is valid up to M9. Typical uncertainties on each individual temperature are of the order 50 K. More recently, Rice et al. (2010) designed an independent scale for late-M dwarfs relying on model fits to high-resolution nearinfrared spectra. These authors adopted effective temperatures of ∼2930 K and 2850 K for USco 66AB (M6) and USco 100 (M7), respectively, in agreement with the scale designed by Luhman (1999) within current error bars. For later spectral types, we kept the scale proposed by Lodieu et al. (2008) i.e. 2250±50 K for L0, 2100±100 K for L1, and 1950±150 K for L2. The temperatures adopted in this paper are compiled in Table 3 .
We also defined a set of bolometric corrections in the Jband (Luhman 1999) for the full range of spectral types covered by our study. For late-M and early-L dwarfs, we considered the values published by Dahn et al. (2002) and Vrba et al. (2004) whereas values for earlier spectral types come from Leggett et al. (2000) . The latter bolometric correction are derived for old field dwarfs and may not be valid for younger brown dwarfs. The adopted mean values are compiled in the last row of Table 3 .
The luminosity function
For the sources in common between the optical and near-infrared spectroscopic follow-up, we have kept the spectral types derived from the optical spectra. Table 3 lists the numbers of sources per spectral type category. However, to plot the luminosity function, we need to create bins of equal size which we choose to be 0.5 subtype. Therefore, we put together the sources classified as M5.5 and M5.75 into the M5.5 bin, the objects with M6.25 and M6.5 into the M6.5 bin, and divided the numbers of sources in the M9, L0, L1, and L2 categories by two to split them up into 0.5 subtype bins. The resulting luminosity function i.e. the number of objects as a function of spectral type and binned by half a subclass, is shown in Fig. 7 .
Although our sample in the region studied here is complete, the spectral type of every object is associated with an error on the spectral assignment. Hence, we have plotted error bars that correspond to the square root of the count in each bin. The number of objects increases quickly towards M5, peaks around M6 and then decreases swiftly to M7 where the M7/M8 gap is proposed due to the onset of dust in substellar atmospheres (Dobbie et al. 2002b ). The luminosity function appears flat towards later spectral types and cooler temperatures. The overall trend is very similar to the analogous distribution for IC 348 (valid for spectral types earlier than M9) depicted in Figure 11 of Luhman et al. (2003b) .
With the effective temperatures and the bolometric luminosities derived for each individual object in our spectroscopic sample of confirmed USco members, we can plot an HertzsprungRussell diagram shown in Figure 8 . Our diagram is similar to Figure 8 of Slesnick et al. (2008) which involves a larger number of members due to the larger areal coverage. The mean age of our sample is around 5 Myr with a dispersion between 1 and 10 Myr, consistent with the discussion presented in Slesnick et al. (2008) . Our survey extends to lower effective temperatures and luminosities after including the brown dwarfs confirmed spectroscopically in the near-infrared with Gemini (Lodieu et al. 2008) . Mixing optical and near-infrared spectral types may introduce some biases at low masses and, thus, affect the determination of the mass function. Indeed, near-infrared spectral types tend to be later than optical spectral types (Lodieu et al. 2005b; Luhman et al. 2003b ) by 1-2 subclass (but not always; e.g. USco J160648.18−223040.1), yielding cooler temperatures by ∼100 K and therefore lower masses.
The mass function
Several groups have developed models with different degrees of complexity to infer evolutionary tracks for young low-mass stars and brown dwarfs, e.g. Palla & Stahler (1993 ), D'Antona & Mazzitelli (1994 , Burrows et al. (1997) , Siess et al. (2000) , Baraffe et al. (1998 ), Chabrier et al. (2000 , and (Baraffe et al. 2002) . We refer the reader to the study by Hillenbrand & White (2004) for a detailed study of the discrepancies observed between models over a wide range of masses. For consistency with our earlier work in other regions targeted by the GCS (Lodieu et al. 2007a , we have derived the bolometric luminosities using the apparent J magnitudes and the bolometric corrections listed in Table 3 , assuming a bolometric magnitude of 4.74 for the Sun and a distance of 145 pc for USco. Then to derive masses we have interpolated the luminosities provided by the NextGen (Baraffe et al. 1998) and DUSTY (Chabrier et al. 2000) for temperatures above and below 2500 K, respectively. Our sample contains 113 spectroscopic members with spectral types between M3.25 and L2 and masses between 0.4 and 0.006 M ⊙ identified in a 6.5 square degree area surveyed by the UKIDSS GCS. However, we estimate our photometric survey to be complete only down to 0.01 M ⊙ . Only 20 objects of the original 129 photometric member candidates (Lodieu et al. 2007b) do not have spectra and are not included in the estimate of the mass function. The resulting mass function is shown in Fig. 9 along with its error bars (square root of the number of objects per mass bin) and compared to the spectroscopic mass function of Slesnick et al. (2008) created from a sample of 377 objects over the ∼0.6-0.02 M ⊙ mass range spread over 150 square degrees (dashed line in Fig. 9 ). However the spectroscopic follow-up presented in Slesnick et al. (2008) is based on a ∼15% sampling, variable across the magnitude range, with a peak at around r ∼ 19.5 mag and a sharp drop-off at fainter magnitudes. Therefore, we have tentatively scaled their spectroscopic mass function (thick line in Fig. 12 of Slesnick et al. (2008) ) to our areal coverage (22.5 vs 6.5 square degrees represent a scaling factor of 3.46 in logarithmic units). We have also overplotted the mass function in IC 348 (dotted line in Fig. 9 ; Luhman et al. 2003b) without any scaling (the binning slightly differs from the USco mass function).
The first data point of our USco mass function is incomplete due to saturation of the GCS photometric survey. Our mass functions seems to peak at around 0.2±0.1 M ⊙ but this should be taken with a grain of salt as our survey is incomplete at masses higher than ∼0.4 M ⊙ . If true however, the peak would be consistent with the characteristic mass found in the Pleiades (Moraux et al. 2003; Lodieu et al. 2007a) , IC 348, the Trapezium , and the field (Chabrier 2003) mass functions. After a decline occuring around 0.1 M ⊙ , our mass function flattens in the substellar regime. The decline seen beyond 0.01 M ⊙ is due to the incompleteness of our photometric survey.
The overall shape of the USco mass function is similar to the mass function in IC 348 derived by Luhman et al. (2003b) over the stellar mass range and beyond the hydrogen-burning limit as it can be seen from the mass function (left-hand side plot of Fig. 9 ) and in the cumulative distribution (right-hand side plot of Fig. 9 ). The number of objects found by Slesnick et al. (2008) in the stellar regime is lower by a factor of two. One explanation for the discrepancy may be an underestimate of the incompleteness at the bright end of Slesnick et al. (2008) 's survey. The use of different theoretical isochrones to transform observables into masses is unlikely to account for such a large difference in the number of 0.3-0.1 M ⊙ stars. We also find a larger number of brown dwarfs below 0.03 M ⊙ , indicating a poor sensitivity of Slesnick et al. (2008) 's optical survey to low-mass substellar objects.
The cumulative distributions shown in the right-hand side plot of Fig. 9 represent the normalised number of objects down to a given mass in logarithmic units. All mass functions appear similar within the error bars over the 0.3-0.06 M ⊙ mass range as indicated by the mass functions. However, the cumulative mass functions plotted in the right-hand side panel of Fig.  9 show that the number of brown dwarfs is higher (although possibly within current error bars) in USco than IC 348 and the extrapolation of the field mass function in the common region where the USco and IC 348 surveys are complete. To quantify this hypothesis, we have computed the ratio of the number of stars (M = 0.35-0.08 M ⊙ ) and the number of brown dwarfs (M = 0.08-0.02 M ⊙ ) for IC 348 and USco. We find ratios of 21/104 = 0.20±0.03 for IC 348 (Luhman et al. (2003b) finds 0.18±0.04 for a slightly different definition of the star/brown dwarf ratio) and 24/59 = 0.41±0.03 for USco, suggesting that USco may indeed contain an excess of substellar objects as originally suggested by Preibisch & Zinnecker (2002) and corroborated by Slesnick et al. (2008) . As such, the USco association would be the best place to search for the turn down of the mass function and investigate the issue of the fragmentation limit.
Conclusions
We have presented a multi-fibre spectroscopic follow-up of more than 100 photometric candidates identified in the central part of the USco association. The main results of our survey are:
• We have confirmed the spectroscopic membership of 90 photometric candidates based on the presence of Hα in emission and weak gravity-sensitive features in their optical spectra • We have rejected four photometric candidates as members, implying a completeness level of our original selection between 69 and 96% • ∼10% of the new spectroscopic members show very strong Hα emission lines, indicating the presence of disks and accretion Overplotted as a dashed histogram is the spectroscopic mass function (corrected for incompleteness) published by Slesnick et al. (2008) and scaled to an area of 6.5 square degrees. The mass functions in IC 348 and the field are overplotted as a dotted histogram (Luhman et al. 2003b ) and dot-dash line (Chabrier 2003) , respectively. Right: Cumulative distributions (logarithm of sum of the number of objects down to a given mass normalised to unity at the higher mass) for the mass functions in USco (filled dots and black line), IC 348 (open squares and dotted line), and the field (open triangles and dot-dahed line) over the mass range where the USco and IC 348 mass functions are complete. Error bars are included for the USco mass function only.
• We are able to detect lithium in absorption and the magnesium triplet in most members despite only moderate spectral resolution • We have demonstrated the efficiency of our original photometric and proper motion selections • Among the photometric non-members, we have identified three young disk-bearing sources showing signs of outflows • We have assigned tentative spectral types to a large number of stars falling in the AAOmega field of view • The luminosity drawn from a spectroscopic sample of 113 sources with spectral types ranging from M3.25 to L2 shows a peak at around M6 and is flat at later spectral types • The mass function derived in this 6.5 square degree area in Upper Sco is very similar to that derived of IC 348 and the extrapolation of the field mass function down to ∼0.06 M ⊙ • The mass function may peak around 0.2 M ⊙ and is flat in the substellar regime • The number of low mass brown dwarfs in USco appears higher than in IC 348 although within current error bars, pointing towards the original suggestion that USco might be rather rich in low-mass brown dwarfs and, thus, the best place to search for the turn down of the mass function
The low level of contamination inferred from our original photometric and proper motion selection using data taken during the science verification phase of the UKIDSS GCS implies that similar selection can be applied to the full association to carry out a global study of the region. The latest GCS data release includes >30% coverage of the USco association. Subsequent data releases will soon complete the coverage in all filters and we will be able to identified new members to investigate important issues, including the distribution of low-mass stars and brown dwarfs with respect to massive stars and possible variation of the mass function within the association. The efficiency of the GCS is favorable to future deep surveys of USco aiming at finding cooler brown dwarfs and concentrating on the topic of the fragmentation limit. The advent of VISTA will also provide a complementary second epoch in USco to improve the astrometric selection.
Our work also has some implications for the study of other regions surveyed by the GCS. The combination of two optical filters (Z, Y), three infrared bands, and proper motion has confirmed the power of the GCS in several regions, including the Pleiades, USco, and σ Orionis. Other regions such as Orion and Taurus are included in the GCS and will provide important clues to address the issue of the universality of the IMF as a function of age and environment. (Chabrier et al. 2000) . Typical error bars have been added at the bottom of the plot. 
